Abstract-
I. INTRODUCTION
Recently, a variety of interactive assistive devices have been developed as a tool for rehabilitation aids. In particular, a rehabilitation system based on the computer vision is seen as a way to decrease the amount of repetitive guidance by therapists, as well as provides more practice trials to the patients and improve patient's motivation. In brief, computer vision based rehabilitation exercise can reduce the time and efforts of the therapist, improve long-term consistency of patients with their rehabilitation program and give a quantitative feedback on a patient's performance. In addition, the devices that are used in home rehabilitation can extend or maintain the rehabilitation gains achieved as an in-patient.
Nowadays, there are many kinds of interactive rehabilitation system have been developed. One of them is upper limb rehabilitation. The upper limb interactive rehabilitation system that has developed mostly for improving the stroke survivors [1, 2] and monitoring the gait [3, 4] . The wrist is one of the upper limb parts and the wrist deviation exercise also benefited to some hand injury types, such as carpal tunnel, tendon pain and climber [5, 6] . Radial deviation is the movement of bending the wrist to the thumb, while the ulnar deviation is the movement of bending the wrist to the little finger. Normally in medical aspect, this exercise will increase the range of motion (ROM) and mobility of the wrist. This type of exercise is widely applied to the patients in rehabilitation centers. Figure 1 shows the illustration of the wrist ulnar and radial deviation exercise. The computer vision approaches in the interactive rehabilitation system for the upper limb have been extensively studied. In computer vision methods, some researcher proposed a method with the use of marker on the body parts (such as the optical motion system) or without the marker. Other researchers have proposed the marker-less based method by using Kinect sensor to capture the movement of the body parts and process the depth image using image processing methods. This paper presents the marker-less based method for the wrist radial and ulnar deviation exercises system using computer vision methods and Kinect sensor. This paper also presents the results of the experiment and analyzed the measurement that had been conducted by comparing it with the standard value of range of motion (ROM).
II. RESEARCH BACKGROUND
Over the last decade, different types of rehabilitation system have been developed to improve the healthy life with the new technology or new assistive apparatus [7, 8, 9] . All of them have an important research focus with relevant evidence of benefits such as a game based and virtual-reality rehabilitation and they applied their system for rehabilitation of stroke patients [10, 11, 12, 13] .
Exell et al. [9] used Kinect to track the skeleton for the upper limb rehabilitation. They used functional electrical stimulation (FES) to assist the movement of the patient's arm while the patients hold the weight-compensating mechanical system. The subject interacted with objects by picking them up and placing them in a directed position. In their measurement, the angle of movement arm is calculated. Pastor et al. [2] and Exell et al. [9] used Kinect to develop rehabilitation for stroke patient. They need to place the Kinect at the specific position to capture the subject and need to use specific holder to place the Kinect at the top. It will reduce the feasibility of projection.
Peer et al. [16] proposed hand exercise for rehabilitation using computer vision. The idea of the hand exercise is from the stroke recovery. They developed an exercise by hold the cuboids and the camera read the movement of the cuboids shape. User requires to place in the virtual 3D space. The author mentions that it's suitable where accuracy is not very critical and smaller 3D reconstruction deviations do not ruin the process of rehabilitation. This research also focuses on hand exercise, but it's more to hand movement with no specific hand exercise.
Reis Alves et al. [17] present a hand exercise through ulnar and radial deviation movement to assist the disability children. The system consists of a low cost non-holonomic robot controlled with an embedded smart phone for on-site interactions through speech, image recognition and touch controls. The hand motion tracking will be captured by the smart phone camera and the system using both real and virtual systems, while recording position and orientation data for further assessment. The accuracy of the tracking was depended on the amount of the light and finger position. This is because of the smart phone camera that they used is sensitive to movement and can cause blurred image. The system starts with the hand tracking, gesture recognition and additional controller to control mobile robots.
The conventional evaluation for the elbow flexion and extension is the therapist needs to collect the angle movement of the wrist manually and record it in the sheet of the form as shown in Figure 2 [14]. The tools that are used to determine the joint ROM in the human body is goniometer, its need to attach to the related limb during measurement [15] . For that reason, the marker-less system needs to develop to make the calibration more easy and effective.
The methodology of the rehabilitation exercise will be described in section 3 and section 4 contains the experiment protocol. Section 5 is the results and discussion, including the limitation of the system and followed by conclusion in Section 6. 
III. METHODOLOGY
In order to capture the hand movement, the reflected infrared (IR) beams was read by a depth sensor from Kinect sensor and the reflected beams are converted into depth information measuring the distance between a hand and the object. The overview of the system is shown in Figure 3 .
Five participants aged between 26 to 35 years old were asked to perform an exercise using this exercise system. The user needs to put their hand between 0.8 meters (m) to 1 m in front of the Kinect sensor. Kinect sensor is a motion sensing device by Microsoft for Xbox 360 game console. The hand motion will be tracked and capture in 480 x 640 pixels of resolution with 30 frames per second (fps). The hand deviation exercise system is starting with the hand detection and tracking. The process flow for the initial stage of this exercise system had been explained in detail in an earlier publication [18] . In this paper will recap of the earlier process. Figure 4 shows the flow diagram of the initial stage of this exercise, the hand need to be tracked before recognizing the fingertips. In developing this algorithm, openni2 is used as an aid to track the hand point. The hand tracking algorithm will start by using a kind of gesture recognition The gesture recognition is initialized by using three types of motion gesture. The motion gestures are hand waving and hand raise. Once the gesture is recognized, it will obtain the location (point) of the palm.
In utilizing the hand point, a square is drawn around the hand's area and this is the region of interest (ROI) for the hand point. The ROI of hand is set to follow the hand movement. The ROI is resized automatically, which is the size is increased when the hand moves forward near to the Kinect sensor or decreased when the hands move away from the Kinect. The algorithm also introduced the segmentation process using the depth threshold. This method measures a distance from the hand point to the Kinect sensor lens and set a threshold to get a suitable depth of hand. The image segmentation is processed just in the region of interest (ROI) area with the certain threshold depth. The range of the threshold is selected from the distance of z-axis (depth) direction and the value that had been set was within -60 mm to +40 mm. The ROI is used to reject the unwanted object near to the detected hand and it is useful to 2016 
The palm center was by calculating the radius in hand contour [19] and using pointPolygonTest functions in OpenCV library. This function determines whether the point is inside or outside a contour, or it lies on an edge. This function returns a positive value which shows the point is inside the contour and a negative value shows the point is at outside the contour. Meanwhile, the zero value shows the point is on an edge [20] . The method to detect fingertips is using the modification of the K -Curvature method after performing the hand contour. After extracting the hand contour, the K-Curvature algorithm is computed with additional parameter at the point. Figure 6 shows that this algorithm takes each vector point A to its neighbor points B and C at distance of K. i is a contour point and K is a constant value that obtained from the experiment. The additional parameter is the distance (D) between point A to the center of point B and C. The additional parameter is to make the detection of fingertips more forceful to locate the point. This value is tested several times from 10 to 20 for different hand sizes. The final K and D value obtained from this experiment is 15 and 20 respectively, which is suitable for almost all situations. 
IV. EXPERIMENT
Wrist radial and ulnar deviation exercises are physical exercise that needs to move a wrist to the right and to the left. This movement also called active radial and active ulnar deviation exercises. Active means an exercise without any support to move the hand. The radial is tilting the hand towards the thumb side, while the ulnar is bending the hand towards the little finger.
In this experiment, the exercise was performed by five normal subjects (male and female, age between 25 to 30 years) as samples of the exercise behavior. The subject has to perform the radial and ulnar deviation exercises in five seconds for each movement. The proposed exercise system consists of Kinect cameras that capture the movement of the hand, a data logger and the display, which is the monitor screen for the subjects to read the exercise's instruction and get the current result. The subject will see the instruction on the display monitor in the form of the template frame as shown in Figure 7 . The subject will follow the instruction on the display from the beginning to the end, and at the same time he/she can see their performance during exercise. Figure 8 shows the display that contains the template frame. The information that displays on the screen are a set of instruction (at top left), the current distance of the hand and camera (below the instruction), the previous time (time taken during the previous exercise), a baseline for the subject places his/her hand (two pink lines at the center of the frame), a reference point (small red circle at the center) and the timer (at the bottom). distance between hand and Kinect sensor is in between 80 cm to 100 cm. This is the optimum range for the system detects the hand movement.
The Kinect detects the distance of the subject and update the distance reading at the current display frame. At the bottom part of the frame is a timer. It starts to count when the wrist is starting to move. The user can perform either radial or ulnar deviation at first movement. The aim times for each radial and ulnar is five seconds. Figure 9 shows the flow chart of the overall hand deviation exercise system. Fig.8 The display that contains the template frame. A data logger will record the information that has been keyin by the subject before he/she starts this exercise. Others information or data that automatically generated are the angle of the wrist deviation, date and time. These data will be saved in the table form as a comma separated values file (.csv) . This document will be used for the evaluation, either for the short term or long term exercise. If the subject has performed this exercise more than one time, all the data are recorded in the generated csv file.
For this exercise, there are targets that have been set in the system. These targets are angle of radial and ulnar deviation and also the angle when the hand is in the upright position. The target angles are 20 for radial, 30 for ulnar and 0 for the upright hand. The subject will moves his/her hand until reaches these targets. Normally, for the subject that experienced the pain at the wrist, he/she only able to reach the deviation angle less than the set target. The normal subject is expected to achieve this target. However, the maximum deviation angle of the normal subject may vary from one subject to another subject. The set of target in this experiment is based on the ROM standard that is used by the therapist [14, 21] . 
V. RESULTS AND DISCUSSION
This section presents the results of the wrist ulnar and radial deviation exercise. In this experiment, the exercise had been tested on normal samples, which are healthier users (with no hand / wrist injury). This exercise is one of the Range of Joint Motion (ROM) exercises. The angle deviation 20° for radial and 30° for ulnar are reference degrees in normal practice. However, the normal practice can achieve 20° ± 5° for radial and 30° ± 5° for ulnar, based on ROM standard. In this exercise, the recorded time can be used to measure user's performance from time to time. Figure 10 is a progress result of subject 1 for wrist radial and ulnar deviation exercise. The blue line at the top (20°) and bottom (-30°) is the target angle deviation of radial and ulnar. Plus and minus signs for a degree at vertical axis are the angle deviation of the hand movement in opposite directions. During the exercise, subject 1 started to move the hand for radial deviation on the 10 th second, and then held the wrist position in the radial profile for nearly five seconds. After that, he returned to the upright position for around five seconds. Next, the subject 1 moved his hand for ulnar deviation exercise and it took about five seconds. In this session, all subjects need to repeat the exercise for two times. Figure 11 shows the results of five users that had performed the wrist radial and ulnar deviation exercises. In this figure, it can be seen that the starting time and the changing times between upright, radial and ulnar deviation for every user were slightly different. However, the deviation angles of radial and ulnar for all users were almost the same. The results show the movement pattern from an upright position, radial and ulnar. There were slightly different in the angle deviation readings between one user to another user. This is because of the capability of each user in tilting their hand is different. Based on the standard of ROM, the average deviation angles that can be achieved for each person for the radial was 20° ± 5° , and 30° ± 5° for ulnar. Table 2 shows the average degree of radial and ulnar deviation and also for the average time taken for each subject to finish these exercises. The average degree of angle deviation for the radial during the exercise is 23.4° and 35.8° for the ulnar. In addition, the average time for each radial and ulnar deviation is 5 seconds respectively. These results show that the normal person simply can achieve the target angle for the ulnar and radial wrist deviation. However, it may be difficult to achieve by a person who suffer from the pain in the wrist. Currently, only normal subjects take part in this experiment due to the constraints involving real patients.
This exercise can be used as a physical therapy monitoring for the injured hand and wrist and the result depends on the ability of the user to achieve the target. This exercise system not only use for the monitoring and recovering process, but it will motivate the patient to do exercise regularly by examine his/her performance from time to time. The average processing time for this system was 15.73 ms (the average time was measured from the process of image acquisition to fingertips detection; as shown in Figure 4 ) and the average accuracy of the hand and finger detection was 73.7% . 
VI. CONCLUSION
This paper proposed the wrist ulnar and radial deviation exercise, and it is one of the recommended hand rehabilitation. The exercise is well performed with the hand tracking and finger detection using depth image from Kinect sensor. The experimental results of the exercise show the normal user are able to complete the exercise by following the instruction displayed on the screen. The automated generated evaluation form for the exercise is easy for data collection. The results of the exercise can be used as a training data for the analysis of the injured hand recovery and healing process. However, it still needs further enhancement with more data collection and more tracking techniques can be developed to make it as an additional to rehabilitation system.
